Abstract. Early studies of nearby Seyfert galaxies have led to the picture that the Narrow Line Region is a cone-shaped region of gas ionized by radiation from a nuclear source collimated by a dusty torus, where the gas is in outflow. In this contribution, I discuss a 3D view of the NLR obtained via Integral Field Spectroscopy, showing that: (1) although the region of highest emission is elongated (and in some cases cone-shaped), there is also lower level emission beyond the "ionization cone", indicating that the AGN radiation leaks through the torus; (2) besides outflows, the gas kinematics include also rotation in the galaxy plane and inflows; (3) in many cases the outflows are compact and restricted to the inner few 100pc; we argue that these may be early stages of an outflow that will evolve to an open-ended, cone-like one. Inflows are observed in ionized gas in LINERs, and in warm molecular gas in more luminous AGN, being usually found on hundred of pc scales. Mass outflow rates in ionized gas are of the order of a few M⊙ yr −1 , while the mass inflow rates are of the order of tenths of M⊙ yr −1 . Mass inflow rates in warm molecular gas are ≈ 4-5 orders of magnitude lower, but these inflows seem to be only tracers of more massive inflows in cold molecular gas that should be observable at mm wavelengths.
Introduction
The physical processes that couple the growth of supermassive black holes (SMBH) to their host galaxies occur in the inner few kpc (Hopkins & Quataert 2010) when the nucleus becomes active due to mass accretion to the SMBH (Ferrarese & Ford 2005; Kormendy & Ho 2013) . The radiation emitted by Active Galactic Nuclei (AGN) ionizes the gas in the vicinity of the nucleus, forming the Narrow Line Region (NLR). AGN-driven winds (Ciotti & Ostriker 2010; Elvis 2000) interact with the gas and produce outflows that are observed in the NLR reaching velocities of hundreds of km s −1 (Storchi-Bergmann et al. 2010; Fisher et al. 2013) . Relativistic jets emanating from the AGN also interact with the gas of the NLR (Wang & Elvis 2009 ). Both types of outflow produce feedback, which is a necessary ingredient in galaxy evolution models to avoid producing over-massive galaxies (Fabian 2012) . The importance of the NLR stems from the fact that it is spatially resolved, extending from hundreds to thousands of parsecs from the nucleus and exhibits strong line emission. These properties allow the observation of the interaction between the AGN and the circumnuclear gas in the galaxy: (1) via the observation of the NLR geometry and excitation properties that constrain the AGN structure and ionizing source; (2) via the gas kinematics that maps the processes of the AGN feeding and feedback.
In this contribution, I show results from a "3D" study of the NLR of nearby AGNs by our research group AGNIFS (AGN Integral Field Spectroscopy). I present maps of the gas flux distribution and kinematics, as well as estimates of gas mass inflow and outflow 2 Storchi-Bergmann rates, from observations of both the ionized and hot molecular gas.
We have used two Gemini instruments in these studies: the Near-IR Integral Field Spectrograph NIFS (McGregor et al. 2003) 2. An hourglass-shaped/conical outflow I begin with the NLR of the prototypical Seyfert 2 galaxy NGC 1068, that we have observed with NIFS+ALTAIR in the near-IR. At the adopted distance of 14.4 Mpc (Riffel et al. 2014a) , the spatial resolution of our observations is ≈7 pc. We illustrate in Fig.1 the flux distributions in the emission lines of H 2 λ2.12µm of the warm (T≈2000K, Riffel et al. (2014a) ) molecular gas, compared with those of Brγ and [Fe II]λ1.644µm. While the warm molecular gas is distributed in a ≈100 pc ring, the Brγ flux distribution is very similar to that in the optical [O III]λ5007 emission line (green contours). The rightmost panel shows that the ionized flux distribution in [Fe II] is distinct from the two previous ones, showing an hourglass-shaped structure, resembling that seen in some planetary nebulae. We attribute these differences to: (1) the fact that the molecular gas is in the galaxy disc, while both the gas emitting Brγ and [Fe II] extends to high galactic latitutes, where they are in outflow; (2) the Brγ and [O III] emission are restricted to the region of highest ionization, where the collimated radiation from the AGN incides; (3) the [Fe II] emission comes from the larger partially ionized region, that extends beyond the fully ionized region, and is thus a better tracer of the whole outflow from the AGN.
In Barbosa et al. (2014) we show a comparison between channel maps obtained along the [Fe II] and H 2 emission line profiles. While the [Fe II] emission is observed in outflow (following the hourglass shape that extends to high galactic latitudes) up to blueshifts and redshifts of ≈ 800 km s −1 , the H 2 emission is only observed at low velocities (≈100 km s −1 ), consistent with a kinematics dominated by rotation (and expansion in this case, as pointed out in the paper) in the galaxy disk.
The Narrow Line Region in 3D: mapping AGN feeding and feedback The NLR of NGC 1068 thus has the expected "conical" shape, where the gas is in outflow. But these characteristics seem to be more the exception than the rule. In fact, Fisher et al. (2013) , in a long-slit study of the NLR of a sample of ≈60 active galaxies, using the instrument STIS aboard the Hubble Space Telescope, have concluded that in only about 1/3 of their sample, the kinematics of the NLR is consistent with a conical outflow. Although our 3D studies have so far covered a smaller sample, our results support also varied morphologies and velocity fields for the observed outflows.
Other types of outflow
Let's consider the case of NGC 5929 (Riffel et al. 2014b ). Our NIFS observations of the NLR of this Seyfert 2 galaxy allow us to resolve 0.
′′ 1=18 pc. The left panel of Fig.2 shows the flux distribution in the [Fe II]λ1.64µm emission line over the inner ≈ 300 pc, that is most extended along the direction connecting two radio hot spots shown in green in the figure. The central panel shows a "stripe" of high velocity dispersion values running perpendicularly to the radio jet. Enhanced velocity dispersion is observed also at the loci of the radio hot spots, where it can be attributed to interaction between the radio jet and the ambient gas.
A closer look at the emission-line profiles along the high velocity dispersion stripe of Fig. 2 shows that they are better fitted by two velocity components, one blueshifted and the other redshifted, as illustrated in the rightmost panel of the figure. This 3D rendering of the velocity field shows that most of the gas is rotating with a major axis approximately coincident with the orientation of the radio axis, but there is also an outflow along the equatorial plane of the AGN. In Riffel et al. (2014b) we have interpreted this as originating in an accretion disk wind running almost parallel to the surface of the disk (Proga & Kallman 2004) and/or in a wind emanating from the AGN torus (Elitzur 2012) .
We have found outflows perpendicular to the ionization axis in three other cases. In Arp 102B (Couto et al. 2013) , observed with GMOS-IFU, the Hα emission-line kinematics reveal gas in rotation within the inner kiloparsec, but showing also an outflow perpendicular to the ionization axis and the radio jet within the inner ≈ 200 pc.
In the Seyfert 2 galaxy NGC 2110, also using GMOS-IFU, we (Schnorr Müller et al. 2014a) found elongated line emission over the whole FOV, that extends to ≈ 800 pc from the nucleus, intepreted as due to ionization by a collimated nuclear source. The gas kinematics reveal that most of this gas is in rotation in the galaxy disk, while within the inner ≈ 300 pc there is a high velocity dispersion component that we have attributed to a nuclear outflow.
Yet another case of a compact nuclear outflow is observed in the Seyfert 2 galaxy NGC 1386 (Lena et al. 2014) , where our GMOS-IFU observations covered the inner ≈ 500 pc. We found a similar result to that found in NGC 2110: while the gas emission is elongated, extending up to the borders of the FOV, and can thus be attributed to ionization by a collimated nuclear source, the kinematics shows again that most of the gas is in rotation in the galaxy disk. Only within the inner ≈ 50 pc there is a region of high velocity dispersion and double components, interpreted as due to a nuclear outflow. We show this in Fig. 3 , where the cartoon illustrates our preferred explanation for this case, but the general idea should also apply to the other galaxies with compact outflows discussed above.
Inflows
The observations of the NLR discussed above have shown that in many cases the gas emission is elongated or cone-shaped but the kinematics is dominated by rotation in the galaxy disk. Only in the innermost region we observe outflows. The AGN thus works as a flashlight that illuminates the ambient gas that is usually rotating in the galaxy disk. This fact has allowed us to see also inflows in the gas, which are usually associated to nuclear spiral arms or dusty filaments seen in structure maps
The Narrow Line Region in 3D: mapping AGN feeding and feedback The case of NGC 7213 is illustrated in Fig. 4 . The nucleus of this galaxy is classified as LINER/Seyfert 1, and we have obtained GMOS-IFU data of the inner ≈ 500 pc. The excellent signal-to-noise ratio of the data has allowed us to derive the stellar kinematics, revealing high velocity dispersion (≈ 200 km s −1 ) and rotation (amplitude of ≈50 km s −1 ). Gas emission is observed over the whole FOV, presenting also rotation, but with an amplitude much larger than that of the stars. The leftmost panel of Fig. 4 shows the gas velocity field, that can be compared with the model fitted to the stellar velocity field, shown in the second panel. The third panel (to the right) shows the difference between the velocity field of the gas and that of the stars. Large residuals are found in redshift in the near side of the galaxy and in blueshift in the far side. We note that these residuals follow a spiral pattern that is correlated with a dusty spiral seen in a structure map built from an HST F606W image of the galaxy, shown in the rightmost panel of the figure. Under the assumption that the gas is in the plane of the galaxy (this is justified in the paper), we can only conclude that the excess blueshifts and redshifts are due to gas inflows along the spirals. The estimated mass inflow rate along these spirals are 0.4 M ⊙ yr −1 at ≈ 400 pc and 0.1 M ⊙ yr −1 at ≈ 100 pc of the nucleus. We have found signatures of inflows also in warm molecular gas via 3D observations of the H 2 emission line at 2.122µm in the near-IR using NIFS. This line allows us to observe inflows even in luminous Seyfert galaxies. Our studies indicate that this line is usually excited by X-rays from the AGN, that penetrate in the galaxy disk. The disk origin is supported by the H 2 kinematics that is usually quite distinct from that of the ionized gas also observed in the near-IR. While the ionized gas (e.g. H + and [Fe II]) shows higher velocity dispersion, rotation and outflows, the H 2 kinematics shows lower velocity dispersion, rotation and inflows, supporting its location in the galaxy disk. H 2 inflows have been found in NGC 4051 (Riffel et al. 2008) , Mrk 1066 (Riffel & Storchi-Bergmann 2011) , Mrk 79 (Riffel et al. 2013 ). In the case of Mrk 766 (Schonell et al. 2014) we have found rotation in a compact disk, supporting also that this gas is feeding the AGN. Mass inflow rates in warm molecular gas are 4-5 orders of magnitudes lower than that observed in ionized gas. Nevertheless, the warm molecular gas may only be the heated skin of a much larger cold molecular gas reservoir (and inflow) that should be observable at mm wavelenghts (e.g. Combes et al. 2014).
Conclusions
I have reported 3D observations of the NLR of nearby active galaxies using integral field spectroscopy at spatial resolutions of 10-100 pc. These observations reveal that the AGN radiation works as a flashlight illuminating, heating and ionizing the gas in the circumnuclear regions. Ionized gas is seen not only along the AGN collimation axis, but over all directions (although at a lower intensity), indicating escape of radiation through the walls of the AGN torus. The illuminated, heated or ionized gas may be in outflow, inflow or rotating in the galaxy disk. The outfows are observed following a hollow cone or hourglass geometry or in a compact structure in the inner 50-300 pc; we suggest that these compact outflows may be the initial phase of an outflow that will evolve to an cone-like outflow. Beyond this region, rotation and inflows in the galaxy disk are observed. In a few LINERs studied, there is no outflow, and only gas rotating and inflowing in the galaxy disk are observed. Outflow velocities are in the range 200 -800 km s −1 and the mass outflow rates are of the order of a few M ⊙ yr −1 . Inflows are observed along nuclear spirals, usually on ≈ 100 pc scales, at typical mass inflow rates in the range 0.1-1M ⊙ yr −1 . These inflow rates are much larger than the typical AGN accretion rates (≈ 10 −3 M ⊙ yr −1 ), and will probably lead to the formation of new stars in the circumnuclear region (e.g. Storchi-Bergmann et al. 2012) .
